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Abstract

The hydrodynamic coupling behavior of gas-liquid interaction between the metal vapor in the
keyhole and the keyhole wall during deep penetration laser welding determines the welding sta-
bility and affects the final welding quality. In this paper, stainless steel sheet metal and glass were
clamped to make a dissimilar materials butt joint, and then the deep penetration laser welding of
dissimilar materials was achieved. A high-speed camera was used to observe the characteristics of
keyhole and the fluctuation of the keyhole wall from the glass side. The interaction behaviors be-
tween the vapor and the keyhole wall under different welding conditions were analyzed. The re-
sults showed that the effect of the vapor flow in the keyhole caused the keyhole wall to form a
moving wave, which was accompanied by the formation of splash and liquid column when the
moving wave crushed at the opening of the keyhole. During low speed welding process, the key-
hole was deep, the keyhole vapor was fluctuating, and the keyhole wall was fluctuating frequently.
The variation of laser beam defocusing distance effected the keyhole diameter and the laser ener-
gy distribution in the keyhole, and resulted in the change of the pressure and velocity of the vapor
flow in the keyhole, thus changed the effect of the metal vapor on the hole wall in the keyhole. In
deep penetration laser welding, the liquid metal on the rear keyhole wall was mainly moving up-
wards, which was driven by the gasification recoil pressure and vapor flow, and only a small part
of the molten metal closing to the bottom of the keyhole was moving downwards.
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Figure 1. Schematic diagrams of welding keyhole test observa-
tion
1 BRI R REE

AW \ R
\ X 35

GG17
53

R

ML B BUOLR

FFH s INL
GG17 '

R BOLRALER
IR
RIS NLARTE A
(a) Test the shooting results (b) Top view and side view
(a) WITEA R (b) ARHLES AL

Figure 2. Corresponding relation between surface pool and side keyhole
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Figure 3. Photographic results at welding speed of 1.5 m/min (Photo interval 0.6 ms)
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Figure 4. Photographic results at welding speed of 2.5 m/min (Photo interval 0.4 ms)
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Figure 5. Photographic results at welding speed of 3.5 m/min (Photo interval 0.6 ms)

& 5. 18R E H 3.5 m/min FIRYIRIRLE R (FR K BIFERTIE 0.6 ms)

BEIN/NFLIR BEZ BN (13.5 mm, 115 mm, 8 mm). JEiFLEE B« A FEESE AT HIA
FIRHRRIE . EFLN SR AR SRR S IIERT, LB T B h R “ 2857, BIRZES
TSN TR SR AURE B — FERFE . IR S A R IR, FEAREAR SRR, JE i fLBES BN, “#&
AW HBLSRBGR . AL, R, TR AR RERE K, BOLIR R NN B
Z0, FLNRIREE AL, P CL SR EUR ZA sh SR R LB AR IS, AR H . AR,
FEARE SR ERIIE SR, 2“2 BA/NLE O, FLEERTVRH ™42 7RIk, K 3 fos. JEEE,
R SFRI, AT ILEE IR RREISE,  “ZA BAALTIN, NLB PRSRAN, PR/ IS
BN, BEEZASRIWIH, AT SLBERR IR B ) EIRTE R Kk AELZ TR, BTV LA B A A TRIRRT
BUNT = A ) R IR e R HESE B 3.5 mimin B, JEVRSLEE ol H R HPLRAS “ARARKT
WK 5 R . BEAE mRd IR “ 2 AALAMES, ARSI BB BB AT Cllk. EEEE R,
Fe AR, ROV FLBEMURE A RERE N, AERT/NAL Y AR TS FLEE B RIARE AT B S b s ) A R
ERERTT A, AT AR S AR AT AR R ORI ATk

33 BEETANEREASSILEBRSIT ARG

Kl 6. 87 FE 8, Bl RER R N+5 mm. 0 mm FI-10 mm, HOGIHERE A 10 KW, FEEEE T
[ & Jy 1.8 mimin F2&FF T, I B I HOE RIS SR B NMLIN TS RRIE . 18] 6 S2oR, I B AR AL
FXH A BTN, T NFLIT AR EAR B R . FEIRIE /NFLIRES, S FLEE B P A Tl “ 8<%~ - H
& AR W EBSE R, HAER BRI R . P, IR RS AR N LR AR
ARV S AL TE BRI ZE SRR, FLIRAE G724 “Z8S07 5 T IR /NLIK 3R m RSHREK,
FLIR ) BRI 28 SR J1A Bk, 28700 Fa VR FLAE I BY 1) BE B4 AR G B8 /N RS BIFLAR I A s s, BT

DOI: 10.12677/app.2017.711038 308 JAREE /B


https://doi.org/10.12677/app.2017.711038

FEF 5

Figure 6. Photographic results at defocusing amount to +5 mm (Photo interval 0.6 ms)
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Figure 7. Photographic results at defocusing amount to 0 mm (Photo interval 0.6 ms)
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Figure 8. Photographic results at defocusing amount to —10 mm (Photo interval 0.6 ms)
& 8. B&EER-10 mm BTRIFAIRLE R (FR F EBRRT(E] 0.6 ms)
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Figure 9. Photographic results at penetrated welding (Photo interval 0.6 ms)
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Figure 10. X-ray transmission observation of the keyhole shape during pene-
trated welding (Photo interval 8 ms)
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Figure 11. The frontal keyhole wall gasification and the direc-
tion of vapor flow
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